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(54) PARALLEL SORT DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To shorten the paraliel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82. and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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t. 

h^shxv 'J :^^S:»?;^aj LtitfiBy- h/v-i^m 

Ymxv'}yyMimmz^L. *«.v^{iH>riEy- 

v-^x V y yy±wmm(r)X h y y^/S: y- h/v- 

iBitfa«fc»)M-rsy-h/-7-i^'#gfc, s-^ro-b 

friEy- h/^-i^^s^^friey- h/v-y^iiEit 
m&cox h y y;/S:y- h/v->>jaa ix^mm 

fz^sx V y y^^ioro -y S: HtifEy- h^rX h y 

n >y ^ Sr H(iiBf^«l«tcS# I. fc ^ . MIEX h y y 

HirlEy- hiix h y y7"±iEli^«i<o^-A'7D-7'o 
•/^S:BtiiEf^mJit=lulBfi#li;t^0/ci6S#ajL. J> 
Si-^ttmiey- h^x h y y;/±lB1g««lm h y 

§ 70 y ^ , HuiBf^^«*^^>^;^i±i LT X h y y^r 
SrtiTct I. X h y y^mt ai L/M^5i^^^st . ^ci 

[fl*3l2] H(ifBro-bx-eiX'fix^;=<t yj±^rs-7 

[00 0 1] 

>m(r>&mi\,zmL. m^z. v-vntL^r-^ifi^n 
'^(^mmihmL<r>zMimz^wm^tix\^hm 



m^h. ^m)izmm^ixh±^i&itz:<mmi^n. 

^ixX\-^h^t^hi. . 

[0003] 3S^ffl-fb§#iTV^I.M?'Ji/XTAT-(i:. 
ilE1iSr3ifl!at 'Jj.-)i'ifi^M-^h shared ev 
e r y t h i n sMffiT-^f-^ f-^X'. ZffMmm 
fflt'&So $^>(C, ilEltSr^tWL^rt^shared 
noth i ngM-C't>. i^gJtftW^t yr-^T^'^^ 
SrJgfflL7txXrA(4, ::<7)|6Bj$rafflt'# 

[00041 

[1] #raV03-07 1 2 27 
[2]Bitton D. ,et al:"Paral 
lei Algorithms for the Ex 
ecution of RelationalData 
base ACM Transactions on 
Data — base Systems, Vol8. No 
3, September 1983, pages324 
-353. 

[3] iSasJS-: "Nonstop SQL 

«or-=3fT^'f-+" , wmm, vo i 33, noi 

2, pag e s 1 4 3 6- 144 0*%S. Z.tlh(^% 

[ooo5]:5diK[i] tcintf, ±iBii(^«in) 

y-hW^t^i.T-^' (§»n) *^-r^Tiixt'^^v^ 

«^:>^^«oy-hiiaS^5'hg|5Wy-hi:B?r/, lUlco 
y-h7x-Xi:Lo g ( n/m) mcOV-i^'^x-X 

(4, -eiO+t-^^lcy-h^il^cJSmS-to, 

o^^/p-7-*Mf s . dio^^/i—rSrx h y y^'t Bf 

yy^Ofl|»»4. «:'s:n/mT-S>l., i'hgpy- hcottlg 
<4> y-h7x-Xi:V-i/'7x-XJ).SV^(4#'!?«0V 

-=jy 3.-xm:i'-:^^\mLith^m}<znt 
hT-mmm^wmmm-hmmzhh (o 

* 0 , f^^®litf^V^-ri> I /O b o u n d T'$>l> ) 

[.■XM.i<r)S^-=j'] . [:i:i;i ] Tti. y-h7x- 
X t V- 7 X -x'c7)g(t« L & , (RSJEHtc^ -y fy 
yth:ibX\ flSilBISIr-t'-K-h-ri.^* UMdH-a- 
3 0%*><i>8 0%Cc7)B$S^^/h-r.|.:^a 

srM^LTv^s. ^<r>-nm^zi.ixt.i. v-vm^^ 
'rh>^=^')iv-\'/-?-vmmtmmm.m^z 
^ u < ^S>J L , fm^J^SJSfflo^ ^ y {4-oox h y 
y^ti^^m^fitzni^X' (^ti:io^v-Y/-7-'j'm. 

W^<^^X<D'f-9ifi^m%ixtzm^) , -etOSBlK, - 

»:iBlic«^ as L , iX^^-7-i;7 x ->CT'{4±iBlitc« 

oTv^^x h y yyt^h^m-th:itX'fmw$.i}^hcr> 

m.^^ Lmz^-f h-mm^<r> i /onns^^'M-r 
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[ 0 0 0 6 ] -:^r. 9[-^v- h ^rliicro-b ■yV<Dmi 
-i^v-y-immthMx\ sub optiaml 

STAGEtOPT I MALSTAGEj!)*— :>£7)T~:? 

<7)^^$-ft$^wtc#rD-t'yH^9 b?m.9B.mz\i?.(n 

<f«$^t^c1il!crD-b >ytt"7-i^'-t'?. c 1 1' ( p o s 
TOPTIMAL STAGE) . l2|scoy-hS^i;^>: 

[0007] m^r-^'^^-X'^Xn-Mzmh^^f^ 

wmm^immmth^^. ^ck; [ s] 

1)1.. ^^fiiigtM^jrani. v-v^mnx-nifmi 

T-:^'*{;>i-S'5*i*>^*&, M?iJy-h<7)0PTIM 
AL STAGEt POSTOPT I MAL STAG 

E lat'® t T - mmA(D$' I ^ro -fe -y -y-co^aa^^j 

[0008] 

?ijy- hJ!!!;?l$:llff-ri.*^^<7)Pomi, SU BOPT I 
MAL STAGE. OPT I MAL STAGE^rffl 

^muv-ht^^j:L, miz:m [ i ] (^i^mm 

m&-riztx\ \/om^<r>j^yyxith:Ltt'i'^ 

im^artiti^fiX'hh, 

[0009] ^ymv-Y<r)m^^ #7i-x-c'isi-T- 
^\,zm'^hzmm^<r) i /omsctis'^? 2j^t'J>-^. 

mm^h<^mfi-\iiLX'h'o . immmmir--ff)'r- 

9<r)-m'ik^X'hh. Ltzts^-yx. \/omWim\m- 

X(r)mm^'^<^f—!f<m^mt ^^imx-ju^r 



ti.«e®*<s>i.. y-h/-7->'m»)0i-c'i>it;t± 

[00 10] c:<oi%B^Tii. M^ijy-hcosuBOPT 

IMAL STAGE, OPTIMAL STAGES: 

?ha5y-ht^=5:L. immmmizpiK)'Sxh^=t'ji: 
m]v-h<7)^x'mMLhz> ztx\ -e-j/'7x-x<7) 

i^j:^^<mtiz'rh, 

[00 11] 

T-^K-xff)m^-^^mcr>M.mmmx\ y- h^m. 
immi-im. -mmznt^Atii:hmwic^j^y 
"j^x-^ t rnm^cot^^ 0 ^mmmth ztiz 
ct-jT, ±mimi:fi\±^-t^ztizhh, 

[00 12] ^<r)tz-)h. Z.<^W^<r). V-\-n^<r)Xt> 

y y y^^j) h\^\tv- Y/-7-i;m^<n^mmx-^Wi. 
^tihxY y y:/^(Sft^i>y- h/v-yffl±ieiis 
iit. y-h/^-i-'j|iac7)t^aHaiigT'4jS$ai.xh 
y y'/<rmmm::^-><>y n--f s -y ^jis^ 

XY^} yy^ y- h/v-i/3!{iaLT^-rsfi/::=5:x 

h y y^&*s*«rrs Hiiieiitt®JS*»'b'5rs y- hSf;?. h 
:J'i7)R)f^yD -y ^*^/i>^i,x h y y^SrSS^^tii LXm 

ley- h/v- vffl±fBii^«cisfiw-i>Aai:^^s 

i: , fJlBy - i^'ffliieii^l^^OX h y Vi/S: y 

- h/v-i^'^asLT^^U/cfr^c^x h y yyimii 

y- hSrx b y yyi.ii^mzt§mL. hh^^mmti 
y- hSfx h y y^^±iE1i^«<o;^ h y y:/?: v-h/ 

v-i/'MS LTir:^c=5rX h y y^MiV- Y/-?-=J 

miMim.mi>zmi-thv- Y/-7-i^mt . ^^r 
u-txx'ik^tx^j:hm\v-Y^mizh'yx . friey 

- h/-?-i^^wmsiv~ Y/-?-'jmi.smmm<D 

X h y y^'^ y- h/v-vJKl LT4jS-ri.ff/i^rx 
b y yj/coT'D y Srfriey- h^;^ h y y^iieifffl 
)ii<r)X Y y y^^{Cji3oLT*tS;t->'s'7n-yn.y 
§rfJief^^«i^lcffl# j^;c ^ § , MEX h y y^'-eii 

mthimmm'm^m . mnv- Ymx y y yy± 

iE«^aJ<7)>r-^N'7 O-T-O y ^' ^ HUfEf^^J^fcBUlE 

M#^;cco;ti6##tbL, *>^i'^liBinEy- hSfx h y 

yyiMmmm<^x y y y^^sr y- h/v-i/jaa-rs 
tt. wisimmz.izxhmra-yi'i:, mimm 
m^i^m^m lxx y u yy^mictixY y y;/s# 
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[ 0 0 1 3 ] y- V<nmLt-^j:hf-9\t. ZiJjfBlfc^ 

(J>l>v^{4ro-b.y-9-) fcJ:oTM^JKIIJfi$/il.. 

o/t^l*Ia5y-^*^^TLT4^$i^l.fr!t^:X^U y 
j7'{i:ffl^<7)ra-te;^T-y- hSr^ h 'J yj/ffliieit^iS 

cKii^^iis. y- h^SA h 'J y^ffliieifiox h >; y 
tttt A>ixi. . y - h /■?- v-miEii^i^tc^^ oro 

[0014] -7-x7x-XT'{i. y- hSf;^ h 'J 
ffl±ieig^ii!{C7))ii<xy- ht^o;?. h y y/&f«tcK otti 

;tPOSTOPTIMAL STAGEcOjaatCjg^it 

I.. ::iU4. ll-v>-yi*i-r'lllitrt>J:v^L. so-^^^ 

ytctejMLTIIiifeLTtic^ 

[0015] ±ifiSif^+it, y- h u y^mMi 

7'o •/ ^ 1 13] t X h y y^/x-mzmm-t h ru -y cos? 

-vjaati. y- hSfx h y yyiMt'(imf¥(r)x v y 
yy*<'5r<^of^Ji^, >t.hyy^S#ait/e!^aiL 

Sg;^th-r:^o.y:7SS:$-i%^tUT. ru-txm.'9VUv 
- Y \,z.m^j:Wm^i^h^h t *«T'# s . 
[00 16] 

[0017] :i<r)?i^<D-mmm<rm^^mm 1 s:# 

a«B!c$-CT*L. y-hcOA^li:=5:l>A:bT-^2 1 , 

wm.m3 1 . 3 2\,zm.^Tktsfc»i<r)x^-)]^^3 1 . 



1 . 3 2±x'v-vhh\i-^\i-7-'JLxmL\^x h y y 

^BAizx-yXv-y-^titif&^X'hixhvyys 1 

T^S 5 4 y- hSX h y y ;/ffl±iS1i®i^ 5 

t , xi]T—9<f)Mifi§' < . y- hii;^ b y y^^^iS 5 

mtx. xhvyys 4 X'i:coyv -y 9 ^^rc 

^'rr3^xnm<r>mmi&^ 1.82 icsi^ ai-f 
[0018] z<rmmmrii. #M?iJ5!uioro-fex*s 

y-h^:^^ 1 by yj/t LTv^|,, ^nti, fi! 
*SWT'a^/'^M?ijy-h^^SUBOPT I MAL S 
TAGE. OPTIMAL STAGEtCffiS-tl>. iS 

i^m^z^rti-txx'9&mucv- vmxho yyti^h 1 
*(7)y-^$g«^^#l.^^^, $^>(C'eo*gms:v->-'-r 
•?>i^*5j>|,^ A:*iT-:? 21. 2 2 i: y- v/^-'J 

m±wmm 1 . 3 2 1 . Ymmts 1,82 tiM^ij 
3!aa#{iicorn-fextttc#^L, y-hgr;^hyy^ffl 

ilEli^J* 5 cO^*<, M?iMac7)ro-feX(:^^ffl L^c« 

m:hhh<r>tLx\^h. mm^si . 82^, y- 

[0019] ^<7)ii]5ic'<jc7)y- h v-i^miEii 
«ii3 1 , 3 2 1 , y- hiSfx h y y^mi-iimm 5 

6 *^ y - h SFx b y y /fflilEli^i^ 5 icox h y y ^/ 

mmt. 3nzv-hmxhvymiMmmm5iz^ 

§ T-u '/ ^ *m L^c^^, X h y y ffi L/^* 

8 2 ^>a7t-t t^<r:>m%-nm^mm- h , 
[0020] ^tr±ieit^Ji«o-9-^ x<nm:m.^tm 
•fh. y-hz-^-v-miEiitiTo-bxiiwco^Ji-c' 

mm-hx-y)r-9^Ax-knt\^. y-hSiiEito 

»Xhyy^«gt(ift;:*;-Cn/mt^l>. 

^ y >>}mi0L<r)x h y y^'ist 
tctiS^LTiiJirrs, m^c^fzMz. ■?-=jnm<r>xh 

y y:/{4. -e£7)rD-fex*>^^L;^cx h y y^TJ)!. t 
■ri.. v-i^jag-CitMl^riiEliiSrf (n/m) T'^ 

m=f (n/m) 

=5rl>;<^y«mSr;3i^-ri>Ct*<aitv\ /itttf, 
f (n/m) =n/miOir-x$r#;ti)i:, ±5»:{4m = 
n/mt^O, m=root (n) fc^rS. ±M<^Xo 

y-h/v-xffliiEiifS^-^-'fxti. -e-i^'r/w 
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3' 'J Xi*X'lsEffl-r &^=t>JAt !mcDA:fJT- 9ti}-h 

[ 0 0 2 1 ] iRK. fmsJ^ffa^seoT^o-y ^'B^ 

f^^i5iBJ-tSll2 (a) . 02 (b) . 02 (c ) . II 

2(d) mmtx. ^mmm^^m\,zi,hw.tm 
x.7ivzi*)XA^mm-^. 112 (a) mm2 (d) 

A^ti^m.^fi. y-his^h'jy/ffl±ieii^^5(c 

jS$ill.i,cOi:LTl^l.. y-harXh'jy:5^ffl±iSe 

LTC^I>. ti^cl 2yo-y^?*^:t-^^'7D-t 

X. ya-y7c7)S#aii.*^mL. y-h^xh'j>^ 

ffl±ieif^lS5*»/J>f^«^8 1,82 ^zm.m}LX"& 
02 (c) . 02 (d) T\ M&}^;i^i:{±. ^cOM^ 

^<r>:fu'v9m'hh. ttz. mt\i. 02 (a) . 
( b ) xm^X'yr^^tLX^^h V- h^X h U yyiSiM 

«i«5oi 2fuv9^',znr>x\^^hwx'hi>. seo 
ru ■/ ^^mmx'^^ixhf^(r>x v u y^co 
-:fu-,9-Xhh. xh'jy^5ifcxh'jy^5 2{ir 
o-bx 1 5 *<y- hMa t/^cx h ij y/Tj> 0 , f^iov 

txY') vy5A\iru^x 1 6*^'y- hsaaucx h 

-ri.. 

[0 0 2 2] 5fe-f02 (a) ti. X h U y^/S 3(3D4fi^ 

i7)B$,^it', Xh';y^51. 52. 53 cD^TCOa^^ 

^j:'^X\>^^Xh'jy:f5 3\;M) ^:&9cmzmtRtl(r> 
X\ S#JS;cM^t tTX h U y^^5 1 (x 

iWE-rs ( 1 JiLhT'j>s ) <r)x\ ^<r>x v 0 yycomk 

fizmmixtzm (02<7)5 1 3 ) ifimWitmMLb 

^oTtCtSr^j^LTV^S (Xr vre 2c7)n o ) . ^ 

*>4^$ix7tf^<o;^ h ij yy(r)-7-'y^mimfthfz 
^*<y- b >j yi^m±iimmmiz^^^!m 

ti^hhij^hX'h^ . 0 3 c7)r;P:d- U XAtC Lfc*^'-? T , 
4*^T<7);^ h 'J V:?'<O«ra*<iJ§i?->;t^^O^fc«S:0 
2(b) tc^-r. XM;i^^5 4<!07'o y^{i. ga-iO 



xh 'j y/StajL+tc^UcMc^MittSP^S 1 
2. 5 1 3. 522, 523. 536. 537. 54 
2. 5 4 6c7)M#fai.tCj;-:>T, 1 27'n y :?rtcoffl.i±k 
51 1, 52 1, 53 17^^53 5, 54 1, 5437b 
S545, 5 4 7tC^i6(bixTV^|,. <r(7)«=SrS#jS-c 
{4. 03<^>^7' y7'6 2<7)^f^*»^>. 02OyD.y?5 
4 1T'(i^4L^:V\ 02 (b) {zi.ix\immz^X 

o -y mm Uztc h «tclSS § ^iT c: t t'^ht^ 

h, CiOifcti, ■7-i/'«®^{C7'0'tXl 5fcJ:V^7- 

n-bJ^ 1 6 •C^^^S^f^*^lS8 1 , S2i}^t:,(r)m.^fzL 

m.ifimL<m. ^ru^xx'CD'^-'jmMim^ 
ifii^iz^shztimm-h. ^/-v^xv^jy/^ti 
'(gmi5t,zxv'}yyti^±^^ixx. ■:ru-v9^w.tm 
}Lhfz>!b\,z{i. y- h-Srx h y yymMm.5<7ym.%m 
tn^t^j:hyu v^ixh') yym^ mi/mi^fi t 
mix'i^mmm i , 82izm^iiitmmh, § 

{f. gU]tcss»!x.*^m-ri.-OB? (-:?* 0. y-h 
mx V 'J y ^'ffliiEISfflJiltc i y d -y ^ # i, 
.^X) 03c7)r;Pd-uXjU^jifflt. 
ifim. Lfzm^\,zm !> yn y c7)#^ Ui tg^^ 

-vm^tm^mi&i. s2^(r>rx:iy9m%\^L 
X'th, v->''7x-Xfy-h»xh'jy;/^Ji5co 

gJSya-y^(7)J!M*J^TL. -ei07'o y^'*sSfiJffl«r 
3&«i:'07'o -y ^ ^rf^^aiS 1 . 8 2 A>^>M^^ai-r*^$: 

c 0 0 2 3 ] 5fe-f02 ( b ) if-^-i^imcommAX' 
hi. xh'jyym^tai/m^&^^mcora-yy 
mifim^^7ik-tya-i-c-Y-x'hm4izxtnm2 
(h)x\ ro-fexi 6co-?-i^!imtmnt. rn>y 

-'J-^—hl,zUot. ra-tX5 6^M(7^-7-'Jmm 
X\ ^^cor^ y^S 3 1 tc:g?;^tiJt-f^*ffl««oyn.y 
^{4. 02 (b)05 36, 54 2f)^^m^mx.(>tlfz 
fa-y^X\ Zcr,i*>5 4 2immiX'h'0, 536(4 
^mSX'hlZkiJ-h (XT-yr7 1. 72).XhO 

yym^ ta t/^^&^^mii'/ci -y 5 4 2 ^m?i^ 

m-t ( XT -y 7*7 3) . ZCO^. ■?-=J>mii. 02 
( b ) oro -y 5 4 1 . 5 3 2 c7)ra-C'^8!-ri.<, - 

ro-feX 1 5tO-7->^3!!ia*>jttTUyo •x^' 5 1 1 
i)^mz^-ofzt-rit. i*:l=S?*ai^^&7'n y:7t40 
2(b)<7)5 1 2. 5 2 2T'S^^;i^5i^/c7'o■y^'t' 
^0. #^S6g|{41^coT\ i^cox h 'J y/tfO<X<oy 
ny^'-C*«.5 1 21fm^^L<on^t^£l, 
[0024] ^fc, C:<?)|IMfl»l'^{4. :J^7'/WN'-y 7 
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3!)^2mTj ^rt't^-r^ttf J:^^. 114(7)7 

/l-rf ij XAfi i < D \ * ; O^gfiflJlCfc 

h. 

[0025] 

^l' -y ^gc^te;^tc=S:l. J: 3 tiPSfl. ^ i: t2 J; 

v-x7x-xso$iTB§a2r#7-o-txr|5it;{ct 
fztUi. 02 ( b ) com-ti. ro-bx^tcgiKcT)^ 

onmi^m^xxAm'^x'hh. zi\ji.zn\^x. 

^tTtt-rst, rn-txi 5«^T;<tytJR*l./S 

[00 26] tfz. ClWJtCintf, ^1^^07:71: 
□ •y^J'A^/^cOSESiSrfW-rSiht', a^>^^^SS^OftV^ 

2(b) co^'ti, 7*0 •y^' 5 3 li}^^t^j:r>rzm-^l>Z 
yo >/ ^ 5 3 6 ^gE^^^JB-r fc , '(Xizfn •/ ^' 5 4 2 



^lc=5ro7tJl^tc, yD7^'5 4 2c0SE;^iait^TfC 

■7-v'^!va?:^fo^e^w*^^)l,. ci^m. rn.y:7 54 2 
^>^x h y^^3f)^i^^y- h^-c7>^j-flj2r^*^t 
[@ffl<ofa*^riJiBj] 

[112] ^ll(a) ti. Xh'J>-y(Cfifc^7'D.y^'^ 

0 ( b ) y- nStX h 'J y^^^v-v-'-tS i: # , M 
;^ai-r7'n y^^;^^-ri.Si0Hll, (c ) (J, ^0 
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